This work presents a new plate theory for out-of-plane loaded thick plates where the static unknowns are those of the Love-Kirchhoff theory, to which six components are added representing the gradient of the bending moment. The Bendinggradient theory is an extension to arbitrary multilayered plates of the Reissner-Mindlin theory which appears as a special case when the plate is homogeneous. The new theory is applied to multilayered plates and its predictions are compared to full 3D Pagano's exact solutions and other approaches. It gives good predictions of both deflection and shear stress distributions in any material configuration. Moreover, under some symmetry conditions, the Bending-gradient model coincides with the second-order approximation of the exact solution as the slenderness ratio L/h goes to infinity.
Introduction
Laminated plates are widely used in engineering applications. For instance angleply carbon fiber reinforced laminates are commonly used in aeronautics. However, these materials are strongly anisotropic and the plate overall behavior is difficult to capture. The most common plate theory is the Love-Kirchhoff plate model. However, it is well-known that, when the plate slenderness ratio L/h is not large enough, transverse shear stresses which are not taken into account in the Love-Kirchhoff theory have an increasing influence on the plate deflection.
In recent decades many suggestions have been made to improve the estimation of transverse shear stresses. Two main approaches can be found: asymptotic ap-proaches and axiomatic approaches. The first one is mainly based on asymptotic expansions in the small parameter h/L [2, 3] . However, no distinction between relevant fields and unknowns was made. The second main approach is based on assuming ad hoc displacement or stress 3D fields. These models can be "Equivalent Single Layer" or "Layerwise". Equivalent single layer models treat the whole laminate as an equivalent homogeneous plate. However, when dealing with laminated plates, these models lead systematically to discontinuous transverse shear stress distributions through the thickness as indicated by Reddy [4] . In Layerwise models, all plate degrees of freedom are introduced in each layer of the laminate and continuity conditions are enforced between layers. The reader can refer to Reddy [4] and Carrera [5] for detailed reviews of kinematic approaches and to [6, 7, 8] for static approaches. Layerwise models lead to correct estimates of local 3D fields. However, their main drawback is that they involve a number of degrees of freedom proportional to the number of layers. The limitation is immediately pointed out with functionally graded materials, where the plate constituents properties vary continuously through the thickness [9, 10] .
Based on Reissner [11] paper, we suggest an Equivalent Single Layer higherorder plate theory which gives an accurate enough estimate of transverse shear stresses in the linear elasticity framework. For this, we are motivated by two observations. The first one is that Love-Kirchhoff strain fields have clearly been identified as good first-order approximation for slender plates thanks to asymptotic expansion approaches. The second one is that the 3D equilibrium plays a critical role in the estimation of transverse shear stress in all the existing approaches. We show in this work that revisiting the use of 3D equilibrium in order to derive transverse shear stress as Reissner [11] did for homogeneous plates leads to a full bending gradient plate theory. The Reissner-Mindlin theory is as a special case of the new Bending-Gradient theory when the plate is homogeneous.
In Sect. 4.2 notations are introduced. In Sect. 4.3.1, we resume Reissner's procedure for deriving transverse shear stress extended to laminated plates. This lead to the Bending-gradient plate theory detailed in Sect. 4.4. Finally, in Sect. 4.5 the Bending-gradient plate theory is applied to fibrous laminates under cylindrical bending and compared to the exact solution and other Single Equivalent Layer approaches. When dealing with plates, both 2-dimensional (2D) and 3D tensors are used. Thus, T T T denotes a 3D vector and T T T denotes a 2D vector or the in-plane part of T T T . The same notation is used for higher-order tensors: σ σ σ is the 3D second-order stress tensor
Notations

